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Abs t r ac t

‘I’l Ic Multi ]tlissio]l  Vl[;AIi l)la IIIICr (MVI’)  syskm is
all  AI ])lallllil)g systcIII wllicll  co]lstracts  exccat,  al)]c
ilnage  ]Jroccssil]g  ]mogra]ns  to sa])])ort  ()]wrational
Scic],cc A],alysis  (OSA) rmjacsts  ]I]aclc to i,lIc Jet
l]ro])ulsio]l  l,almratory  (J] ’] ,)  Ml]ltittlissio]]  IIoagc
l’roccssill~  Sul Isystc]I]  (M II’S). MV1’  accc]h  as in-
], IIt,: i]]iagc  film .311cI  a IIi.gll-level s])ccificatio]l  of dc-
sirc~cl corrcctin]ls, c]ll]a]lcc,]tlc~]lt,s,  oat])llt  ])ro])mlics
(s{]cl, a s  for  ]t,osaics)  NIV]’  LIICI, clcrivcs:  ulIsJ,cc-
ifiecl l)IIt  rcc]aircd ])roccssitlg  stqm, rclcva]]tj  ilt)agc
])roccssillg  lil]rary ])rogralns, allcl a])pro])riatc  ]m-
ra])]clcr sclli]lgs  f o r  SIIC]I ]IIograIIIs  - co]lstracti])g
all  cwccatalIlc  i][)agc  ])roccssill~ ])rogIaIII  to fi l l  tl]c
ilr]a.gc ]mccssi]lg rcqucsL. MV1’  is  carIc]Itly  avail-
able to allal.ysts  to fil l  rcqucwtjs  aIId Icd IICCS the ef-
fo r t  tc) fill radio]  l]clric  cc]rrcctic)]l,  color  tri])lct rc-
co]wLractic)]],  and ]Ilc)saickiil.g  tasks by over an order
c)f Itlagt]itadc,,

I’IWIJICIN  IIcscripl}ion
II) rcccntl lilllm,  il]l])]c)~clll(!llts  ill slmcccraft,  illlag-
illg IIardwarc have caused a lnassivc  incrcasc  ill the
amount of scimltific data and variety of scicncc data
lwoduck.  Sillllllt;lllcollsly,  incrcascd  so])histication
of il]la~e ]noccssillg  algorJtlIItls l]as cc)ln])licatcd  the
ilnagc  l)roccssillg  task, Wlli]c cllsuring  ]dlysical ac-
ccss h tllc vast al]loullts  of s]mcc-rdatc[l  data can
bc acllicvcd,  it is oftcll cxtrc]nc]y  difficult for tllc av-
erage  user to ]nanagcal)]y  prc])arc  and process the
available sciclkific  data.

(hit lnctllod  for rcducillg  this data access, prcpa-
ratioll, and al]alysis  ]noblcln  is the dcvclopmcl~t  of
gc]lcral lNlrlmsc  clata ]woccssillg  languages a]ld ill-
tcrfams. ‘J’llcsc languages  and illtjcrfaccs  allow users
to a c c e s s  and ]Jroccss  data witllill  a cmnmon cn-
~~irolllllcllt,. 11’or ilnagc  l)roccssillg,  tl)~ V] CAR CII -
virolll]lcllt  ( V i d e o  llllagc  (;olllll]llllic:~tioll and lic-
tricvd ‘ ) (I,avoic  d al. 1989) is a ]llajor  col]stitum]t

“rl’llis  work was ]~crfc,r]l~cd  l,y  tlIc Jet l’rcq,~llsion  l,a})-
c~rat,or.y,  (;aliforl]i:l  II]slit,lltc  of  ‘J’ccl  II Iology,  II II CICI c.ol I-
tract  with tlIc Natic~Ila I Acro]laui,ics  allcl S])ace  Admi]l  -
ist, rat, ic)]l. Ot]lcr ]mst, aIId  ])rcscIIt  II ICI II1)CIS of tlIc MVl)
tcala  arc (Illristi]jc Yi]lg, Sllouyi IIsiaoj AICX Gray, J o c
Nictcvij  alId  .JcaII 1,CMTC.

] ‘J’his  IIaIIIC  is sc)IIIcwlIat  ]I]islcadillg as Vl~AIL is used
to IJKICCSS  co]isidvral)lc  ] I o ] l - v i d e o  i]tla~c  data  sacl I a s

of .JPI,’s image proccssil]g  capability. VIC~AR pro-
vides a stallclal~  illtc,faCC t,o allow a  u se r  t o  l~_
tric~rc viclco image data and apply sophisticated im-
age processing algoritl)l  ns. The principal focus of the
VICAR sptc~n  is ]Jallctary itnag,ing, allcl as such it
sul?l)orts lmagill for J 1’1. q,igllt projcds  i nc lud ing

fVfOYAGI?R,  1[1 <IN(; M~GELLAN,  GflLILEO,
Cysslru , Ctc. 1’1 ~A1’t lI& bccu app]icd  to  other
sl)acc ilnaging  ~nissiol]s  such as IBIS ancl L A N D -
SAT. q ‘Ilc V] ~AIi syskm has also been al)p]iccl  to
llult]cmlls  other al)]) libations  including: astronomy,
car~h rcsourccs,  land use, l)iomcdicinc,  and forensics.
VI C~All is a princil)al  coItI1mncnt of tllc Multimis-
sioll ]ll);l~C ~’loccssill~,  ],ah’a@y  (M] I’IJ).  OUkidc
of .J1’1., VICAR  users illcludc  universities, the mil-
itary,  r(scarcll  instituliolls, acro.q)acc corporations,
Colnl)allics, and Galileo }1111’S  (I)omc institution iul-
agc processing subsystclll)  sites with a total user
group of over 100 USC}s,

VICA ]{ allows il)di vidua] image processing StCpS
(called VICAR  ]mograllls)  to bc combined into  more
complex image ]nmcssillg  scril)ts  called procedure
definition  files (1 ‘I)Fs).  As onc of their prit[~ary  du-
ties, J]’],  analysts construct PDI<’s  to l)crform image
corrcctitm,  ilnagc cnhallccment,  construct mosaics,
and to crcatc  lnovics allcl render objects. Individual
lmoccssing  progra]ns  ]wrform functions such as:

1.

2.

?. .

]Jllotmnctric  correction - correcting the i~nagc for
lighting  conditions duc to the l)osition  of the sun
relative to the i~na?,illg dcvicc and target,

radiolnctric  corrcctio~l  - correcting for varying
camel a rcs])onsc dclmlding on camera st,atc and
Otllcr ]mol)crlics  suc]l as w’hmc in tllc field of view
tllc illlagc is mad,
lillc fil]iu  - illtcrpolati]lg  missing lines causccl  by
data Iranmissioll miors.

l’or cxaln]jlc,  SIIOW]l  ill Figure 1 is a code frag-
ment  to pcrforl o port ions of image navigation man-

‘ -‘z > ‘J’llc ]ligllcl-lCVClually using a Galileo ilnagc.,  , ,
concept ual steps arc s] ]own at the left and the cor-
rcsl)on(lillg VI[~AIt  c[mlc at, tllc right. IT] this case,
the tasks being accolIl])lisIlcd  arc acquiring initial
navigat  ion infornlatjioll)  cmv+tructing initial overlap
l)airs, lcfining  il)itial  ovcrlal) pairs, cllccking for a

P
L4 ‘GII;I ,l,AN sylltljdic  al)crlurc radar clata,

2’1’1)]s  CC,(IC was ~cllcratcc] by NIV]’.
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.

Conceptual Steps YICAR CodC

gel Inital  na.lgat,on _ 181SNAv  Oul  =“(’10.  lISi NAV’ PLANE  1 =*’W  0.10 +
Irlform.ation Pf\OJf  CT =.GLL  . SE[lR=  t7Rl  MSF<C  FILE NAM  E=.  fMc.18s1  818s1.

I( Co”st,  w! Inll,al  cworlaP  P,,,, MOSPLO1
construct Init(al MOWLO1  I. P..[, I.. Ik$t NAV’  “1.1,..s. 0.6  n,=smI,Plo_O.6  ProJ.c!..GL1

overlap pairs — 1 “IO, ovmrlw  Is j,,,!  a holder  1.,  It,. 0“0,1.P  PIOI
*I copy prir,l, cnm  *1! ma  OW,I<4{>
& 1 Pr,n Vnolaod  “,.s wsd”p

rofl,,o it,llial  _ 1’ Rot,”.  1“,,,,1 WO,l,P  Pal!.  od,l>,,
overlap pairs EOIBIS INP..18 I.. 18s1  OVLW

I,od previous
tlapoird  1,10
(II  proscnt)

!$ M.mn,.td  .,.,.1, 1,10 I,,t
!’ II n,.,. IS no .“,s!,.0 1,.p.lnl  1,10
1’ Chock  11 m ,,.,]01”1 1,1. .“1s,,

1’1 ho 10IIOWI,W cod.  Is In w,it,on  VMS
1’ LOCAl  SIR S1b{l NG INI1  . . .
LF1  _ONFA!l  . .CON1 lNUE  .1, Allow  It,. WI  t. cent, nuo

), (t . , , ,0, ,  “o,  ,Ou”d
DCL  DIASSIGN  NAMI
DCL  DEf lNL  NAM[ F $S1  ARCtl(”,lo_ltsl  W.)
LOCAL SIR SIMING
1RANS1OG NAME ST H
LF 1 .ONFA!L  . WE  lUI,N’ II SO, F’DF ,. ,0!,,,,,  on 0,,.,

IF (SIR. ..)

(

MAN MATCH lNP.(We_ IISI NAV;II  IO.  Ihst  OW F?)  +

uso  manmalch
OU1..l,la_l,, t1P’ PIIOJFC1..GLL . 5[1>1{  FILE  NAM[ ..1,1..  1,s1 ILIST.

program to 1’ II en  old I,wdrnt  I,lc  exi~!s
CO”slr”ct  0, 1’ Tt,o  old  !,81Mc  IS w,! of ,“,>”1  and  late,  ovo!wrltton
rol,no  tiopoiot FISK
1,10 MANMAICtl  INW,  IC 11s1 NAV,’1  ,1,. 18,1  OVE K.l,le.  1,s1 1 F’)  ,

0UI=W0_18SI  Tt- pFIOJCCT=.GLL  . SEDFI FILFNAMF  .. II IC.IISI  I L IST .

usc ti@”tS  “ 0Mc0n2
t o  c o n s t r u c t  —

OMCOFl?  IN P4’11..IIsI  NA~;lIlo18si  1P’)  PROJECT=.G1  1 . GROUND=  @OOOD

O M  matrix
OMCOFI?  lNFV.  (’,lo.  1,s!  NAV;  I,(O.  1,,11 v., PIIOJLC1..GLL  . Gf30uNb  @GOOD

I’igurc 1: E21111])Ic  VICAll  Gdc 1+’ragmc]]t

lwcvious l,iqmillt  file, ltla]lllally  ,y!llcratillg  or rdin-
illg tic]milksl  all(l co]lstructi~lg tllc O M  matrix for
ilnagc  Imvigatio]l.  1]] this case tllc overall mm goal
is to llavigatjc tllc ilnagc. ‘llll(! Otllcr subgoals  (WC]
st,c]w) arc ]lcccssary  to su])]mrt this goal duc to the
clcpclldc]lcics of Vl~All and i]nagc na~rigation,

1~1 order h fulfill OSA rcqncsts  for image I)ro-
ccssillg, analysts lnust  c.rcatc CO]]IIJICX VICAR  pro-
gralns,  dct,mlnillillg  rc]cvant  ]wograms, order of cx-
ccutlioll, and ])aralnctcr  scttillgs  using their lillOWl-
d.gc of tllc ]nwccssill~  stq)s and ] )roccssing progran~
rcquirclnclit)s.

IJnfortunatc]  y, lnalnlal  constructio]l  of VI(3Alt
]mogra~lls  i s  lmtll  lal)or allcl kllow]cdgc illtcnsivc.
‘1’llc V] ~AIl ]Mocedurc  g(!llcratiml ]nwl )Ic]n is also
a lolowlcdgc  illtcl]sivc  task ill that all analyst lnust
]) OSSCSS  lillOWIC(lg(!  of:
1. ilna,gc ]~roccssillg a]ld image ]mxmssing programs

(as of 1 /93 tllcrc were :~])l)loxilll:ltcly 50 frcqucllt]y

/: ,.’ (;[ usd ])rograltts,  smnc llavillg -Kkip,o])tiolls)
2. datal )asc orgallizatio]  I a]ld database lal)cl infor-

lnat)ioll to u])dmslalld  tlllc state of relevant data
3. the Vl~All l)rogralnming  language to produce

and store rclcva]lt  illforlnaticnl.
llccausc of tllc COlll])lcxity  and allloullt  of I)rograln
knowl(!d.gc  rclcvallt  to tllc task as well as tllc many
il)tcractillg  ]MOl  )lCIII goals, V] ~AIi ])1’OCCdUl’C  ~CIl-
cratio~] is a lalmr  illt(!llsivc task.  Gcllcration  of a,
COlll]dCX  VI CAli  ])1’OCCdlll’C  ]tlay take’ Ul) tO Illolltlls
of allalystl tilllc.

(hc dif[icult~ facing al]alysts  is tllc clivcrsity o f
h]owkx]gc  rcqum!d  to ])roducc cxl)crl  VI fGA1t ])10-
ccdurcs.  W]lilc ccrtail]  Vl~Al{  users, sncl~ as cx]mt
analysts, ]nay ]mscss ltmcll of this kllowldgc, the

I vast, ]najorit,y of VI ~Ali users  arc>lovic.e to O]IC  or
H f, ~’f~ I ~ ~hllorc as])cc.ts of tl]is k]lowlcdg,e, lJ1lf[)rtllllatcly, this

illcrcascs  tllc difficultly of data access and ])rc])ara-
tioll and illcrcascs  tllc load OII cxI)cr(s w]lo lnust

s]mnd a significa]lt at[lou]lt of their tilne assisting
t,hosc  1(’ss kllowk!dgdlk’. F’or  example, a university
user may know a great deal about the science behind
tllc imaging, and the tllcory  bchincl  tllc processing
steps hlt may know littlo  about the underlying as-
sumpti(ms  of tile illl])l(:lllc~ltfatioll  of the processing
steps 01 VI~AR, itself. Similarly, a programmer who
writes ]woccssillg  ])rogralns  may know quite  a bit
about i lmir,particu]al  ]wogram but may expcricllce
difficulty in writil  Ig a \~l ~A1t procedure to generate
data to test his or IIcr ]mogram.  This great neccl
for VI{~AI< kllowlcdgc rxists bccausc  of t,hc signifi-
cant, till LC it takes to 1 )ccomc proficient in multiple
aspects of VICAR. Gcllcrally,  a VICAR  user with 1-
2 years of cx])crimlcc  is collsiclcrcd  a novice VICAR
user, wllilc it may take  4-5 years to bccomc  a VICAR
Cxpcl’t!.

Application Description
M V P  (Chicn 1994a; (him 1994c) part ial ly auto-
mates p,encn’atioll  of ilnagc lmoc.essing procedures
froln user requests atld a lfllo~~~lcclgc-basccl yloclel
of all ill Lagc processing alca using ~’hificial  flntclli-
gcncc (Al) auto~natcd  l)lanning  tcchiqucs (Iwasaki
a~ld F’ricdland 19S5;  l’elnbcrthy  and Wc]d 1 9 9 2 ;
Stcfik 1981). 11) A l  l)lall~ling, a systcm  uscs: I )  a
lnodcl of actions  ill a (lomain; 2) a model of the cur-
rent sta 1 c; and 3) a slwcification  of the desirecl state;
to reasml about w]lat actions to take to acllicvc some
s]~ccificd goals. ]n VI(lAR  ilnage  processing t,hc ac-
tions  alc VI~AR  image ] mocessing  programs, the
current state is Lhc clllrcnt state of the image files
of intlcrcst)  and the specification of the desired state
corrcslxmds  to tllc usm ilnagc ]moccssing  goals. By
])artiall~  automating tile filling of basic science im-
age proccssil}g  requests, illlagc processing rccluest
turllarolllld  tilnc will l)c reduced,  analyst$  time will
bc frcc(l  for more Col n] )Icx and challenging science
rcqncsts,  and alla] yst workloacl  will bc rcducd.

‘1’lIc NIV1> A rchitccturc

11’he ov(:ral]  archi tecture for the IL[VI’  system is
shown in F’igurc  1. ‘Jlc user inputs a ]moblem
s]mcification cmlsistilq+ of lwoccssing goals and cer-
tain image inforlllation  usill~ a lncnu-based graphi-
cal USC]  intcrfacc.  ‘J’IICSC  goals and problcm  context
al’C tll C1 I p~SSCd  tO t] 1(! (](!COllll)OSj~jO1  l-baSC(l p]atl-
ncr. 1’1112 clccolt]l)ositiol  l-l~asccl” ])lanner  uscs image
lnoccssi  ng kllowldgc to classify tl)c ovcra]l problcm
tyl)c wllicll tllc mm has s])ccificcl in a process called
skclctd planning  (lwasalii  and Fricdland  1985). ~’his
classification is t,l]c]) used to dcconlI)osc tllc Iwoblem
into SlllilllCl sulq)lOMclns  in a process callccl hic7TLr-
c}L2cal lJan?~ing  (Stcfik 1 981). ~’lic sul)IwoblcIns  pro-
ducd I )y tllc clccmnp( wition Iwoccss are then solvecl
in a process calld o~mruior  - based planning  (Penl-
bcrtlly  a]ld \4Tcld 1 992), ill which a ldanncr  uses a
dcscript  ion of ])ossil.)lc actions (ill this case image
proccssin.g  stq)s) to dctmninc  how to acllicve sub-
proldcvt)  goals as indicated by the problcm  dcconl-
l)ositio] ]. l’llc  rcsultil)g  ldall  segments are then as-
S(!ll)ljlcd using COI)Stliiil)tS  derived in the dCCOlnpO-
sition ]moccss.  Tllc rcsultitlg  plan is then USCCI  to
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ge]lcratc  all actual cxccutab]c  VI~All  I’I)F  using
collvclltjim)al  cc)tlc-gcllrlatic)ll iccllniqucs,

M VI’ uses 1 ret]) deem Il]msilioll  al Id ol)crator-
I)ascd ]JlaTll)illg lmradiglns  for I w o  rcasolls:  scarcll
cmltrol  and user Illlcl(:lst:ll)  cl:il.)ilit, y. l’la])s  ill tllc
h4V1’ dolllaill  caTl bc of mlsideral)lo lcmgt]l (u]) t o
1 (N stc]~s) a]ld cac]] s(c])  (or VI C; All  lmogranl) call
invo]vc  rcasmling  al )out ]mncrous m] n])]cx  effects
(really  olmators  l]avc tells  of  cflccts).  I)UC to tllc
large scam])  sl)acc caused 1 )y this colnplcxity,  con-
vclltiolml  ()]Jc]:Itol-l)as(Icl  l)lallllillg a])])roacllcs  arc
Dot al)lc to tractably construct plans  in the VI[;AR
dolnaill  w~it]lout significant  Colltro]  li110W71CdgC.  IIy
usil]g tllc dccmn])osit,ioll  l)la~lnillg ])aradig]n,  MVI’
l)rcaks u]) tllc l a r g e  scarc]l s])acc ])lalltlillg lwob-
lc]ns  c2Luscd  by tllc,  $ollll)lcxity of tllc image pro-
cessing ]woldc]ns  il~ to lnultiplc  sInallcr  prol>lclns,
thus rmlucillg  tllc scarcli  ] moldmns cllcoul]tcrcd  dur-
il]g [)l)elalol-l):lsc[l  ])lallllillg. Illdccd, tllc ])101)IC111
[lccc)lll])ositioll” rules used ill MV1’ can I)c collsidcrcd
a vmy illl] mtallt forln of scare]] control  k]lowlcdgc
cssmltlial to h4Vl Js ilnagc  proccssil]g  ca])ability.

MW’ also US(!S  {I(:colll])ositic) ll-l):isc(l” ldanniug  for
rcasolls  of user Illl(lclstlallclal.)ility. We]) if a 1 )urcly
c)l)cratol-l):~sc:(l  ] )Iallllil]g ap])roacll were aldc to gcm
crate ])la~)s  to SOIVC  tllc V I  ~Al  i. ]Mol)lcms,  tlicsc
l)lalls would lw difficult, for Ml]’], a]]a]yst,s  to un-
derstand lmausc M1l’]j alla]ysts  do llotf consider all
clltirc  ilnagc  lwoccssing IMol)]cm all at cmcc. l’y])i-
cally, al)alystls  begin by classifying tllc gcl)cral lwob-
lc]n bcillg addressed into o])(!  of a g(!]l(!ral class of
lJrOl)lellls,  sllcll as Illosaicliillg,  color t,ri])]c ])roccss-
illg, etc.  ‘J’l]c!y  tllcll  usc this classificaliml  a~)d t h e
])rol)lc  In coI Itcxl  to (IN,OI  n])osc  tl)(~ ])lal I i! Itjo scvcra]
al K+tract stc] )s, sucl 1 as local corlcctiol],  l)avigatim),
rc!gistratiol],  touc]l-u] )s, etc. IIccallsc  MW’ llSC!S
(Ic:cc)l)l]  )ositic)ll- l):ls(’[1 ])lallllillg to rcdllcc  tllc ori,gi-
Ilal ilnagc  ])roccssillg ]moblcln,  it call casi]y ]mxlucc {

au allllotatcd tram of how tllc ovcra]l  ])roblcm  was
classificxl all(l (Iccoltl]mscd, siln])lifyillg  analyst, un-
dcrstal]di]lg  of tllc ])lall  g,cllcrat, ion ]woccss.

Ske le t a l  and  Hicrm-cllica] I’lanning Using
IIcconlpositions

MVP il Itcgratcs  decomposition and operator”.pascd
]Jallllill~, paradiglns. M V]’ first, rcduccs  a pbblcm
usiTlg dccolnpositicm nlctllods,  then solves the result-
ing sub] )roblclns using o])crator  ~)lanning tcchniclucs.
MW’ uses knowledge rqwcsclltecl  as clecomposition
rules to pcrfoml  sliclctiil a]ld hierarchical planning.

Skeletal  and Hierarchical  Planning in MVP
Skeletal  plannil)g  (Iwasaki and Fricdland  1985)  is
an approach to platlnillg  which casts planning as a
st,ruct,ulcd classiflcatjiol) ] )roblcln. 11] skclcta]  l)lall-
llillg, a ]dan]lcr idcl)tifics a ncw problcm  as onc of a
general class of ] mblcl[ls based Llpon the goals and
initial  state. ‘J’his  tcchlliquc  was originally clcvclopcd
as a ]nodcl of cxl)crin~cllt  design in molecular biol-
ogy; however, sliCICtal ])latlning is also an accurate
model of how expert analysts attack VICAR procc-
durc  gc] Lcratioll ] moljlclns. ‘1’yl)ically,  in a VICAR
])roblc])  1, there is a cc~ltral goal for processing, such
as lnosaicking,  which t ]icn dictates a decomposition
of the ovcral]  pmblcm  into subproblcms  such as lo-
cal corlt!c.tion,  navigatim),  and registration. MVI’
att:lclis  a VI~A  R ])rol)lcnl by first determining the
general problmt 1 class, and tllcn  using this problem
class to pcrfonn  all initial dccoml)osition  of the tol>-
lcvd  il)lagc l)romssillg  goals.

IIicrarcllical  l)lallt]ill~,  (Stcfik 1981 ) is all al)proach
to ])lal~l lillg where al.x+tract  goals or proccdutcs  arc
inclcmmltally  refilled into more and more specific
goals or proccdurm  as dictated hy goal or proccdurc
dccolnl )C)sitiolls. MV1’ uses this approach of hicr-
arc]lical dccoln])ositioll  to refine the initial skeletal
pla]l into a more specific ])lan specialized based on
the sl)ccific currcl]t  goals and situation. This allows
the ovc] all prol )lcln dcco]nposition  to bc influcncccl
Ly factors such as tllc l)rcscllcc or abscncc  of certain
image calibration files or tl]c tyl)c of ilmtrumcnt  ancl
spacecraft, used to record tllc ilnagc,  For example,
~comctric  correction uses a model of the target ob-
ject  to correct for vari al.dc ,clistancc fmm tllc itlstru-
]ncllt to the tarp,ct,.  I<’or \~~9YAGER images, gcomet- ,f, /
ric correction is lmfollnOd  as part of the local cor- {

rcction  ]moccss, as gcoll]ctric  distortion is significant,
enough to require iml[lmliatc  correction before otllcr
ilnagc j)roccssillg  stcl)s can be pcrformccl. Ilowcvcr,

\,,

f o r  G)],1 IJE() ilnagcs,  ~comctric  co r r ec t i on  i s  pos t -  ,
])oncd Illltil th(! registration stcl), where it can bc
pcrforll)cd  Inorc cf[ici(!lltly.

Ilccol~~I)ositioll-~asccl I’lanning in M V P 1’
hlV1’  L]SCS a dccoln]mitio~)  approach (I,amky  1993;
Erol Ct al. ‘1 994)  to ] wrform Skeletal a~lcl Hicrar-
cllical ])lanlhng. 111 a dccmnposition  a p p r o a c h ,  de-
colnl)ositioll  rules diclatc how to brcali  a problcm
into  slII:Lllcr  problc]tls. 111 really cases, it is possible
to deem [I])osc a ] )rol)lmll  ill several ways. Ill these
cases, tl IC ]Jan]lcr  thcll  scarcllcs  the sl)acc of l)ossi-
Llc (lcc(~llll)ositic)l]s. Dccornposition  al)l)roachcs  arc

,cxtrcll)cly  ])ow(!rful  ill that  many otllcr  paradig]ns, “>,I such a s  m o d a l  trut], c r i t e r i o n  p l a n n i n g  (I,ansky
1 ‘3’33) c:l]l bc itnpl(!lnclltcd ill a dccom])osition-based

dal)]m sch. ‘1’llc syntax  for a clccomposition  rule  is
sl)own in k’igurc 2.
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LHS R H S
GI = initial goal GR = reduced goal

set/actions setlactions
CO= constraints ==> Cl = constraints
C2 = context N = notes on

decomposition

l~igurc  3: IJccc)lll])ositi{)ll  llu]c  Syntax

LHS R H S
G l= mosaicking goal present GR = 1. local

corrcction,~.
Co= null 2, navigation ~
C2= an initial classification 3, registration

has not yet been made 4. mosaicking ,
5, touch-ups ;

c1 = these subtasks~  be
performed in o;der
1,2.3.4.5,
protect local correction
until mosaicking

N= problem class is
mosaicking

l’igurc  4: Skclcta]  l’lallllillg  IJccmnposit,ioll Rule

‘J’llis  rule states tlllat a set of goals or actions G’]
call Im rcduccxl  to a ])cw set of goals m ac~imls Gl{
if tllc set  of constraints ~~o is satisfied in the cur-
rcllt  ]Jall  and the c.olltcx( L’2 is satisfiml in the cur-
l(!llt ldall ])rovidcd tllc additiol)al  cmlstraints  L’] arc
added  to tllc ])lal).  Skeletal ])lanl}illg  in NIV]’ is inl-
l)lclllcl)tcdjll  by c])codillg cl(:colll])ositioll rules wllicll
allow for c]asslficat,ioll  and initial (Icccjlll])[)sitioll  of
a set of goals corrcs]mlldillg  to a VIrGAlt  l)roblc]n
c las s .  g’llc 1,11S  of a SliCICtal  dccol]ll)osition rule ill
IL’lVI’ corrcslm]lds  to a SC( of col)ditiolls  s]mcifying  a
prol.)lcnn  class, and tllc 1{11S S])ccifics all initial lwolj-
IClll clecolllpositiml  f o r  t,]lat ]noblcltl  class. I{’or  CX-
aln])lcj  l’igur(! 3 snows a clccollll)ositioll”  rule for the
proldc]n  class lnoso,icki?lg  vliih alkoluie ?Lavigaiion.

glc si]n])lificd (lccc)lll])c)siti[)ll  r u l e  slIowI] ill l+’ig-
UIW 3 states tl)al, if lnosaickil)g  is a goal of tlhc prol>-
lmn and all il]itial  ]~roblc]n  dccolll]msition  h a s  IIot
ye t  bee]) lnadc,  tllcll  t,llc illitia]  ])roblcm  dccoml)osi-
tion  sllou]d l)c into  tllc sul)]wol)lc]]ls local correction,
navigatiml,  e t c .  al]d tllai tllcsc  stc])s ]nustl be ]xn-
formcd ill a ccrtaill  order. ‘1’llis dccolnl)osition  also
s])ccifics  tliat, t,l]c local correction goals lnustj  bc ]xo-
tcctcd duril)g  t,tlc IIavigatiol) and regis trat ion ]mo-
cmsscs. 1]] ge]lcral,  MV1’ ]Jcrlnits goals al~d almtract,
st,c])s to h s]wcificxl ill t,llc G’J and G’}{  f i e ld s .  ‘llc
Collstraillts  C+) and C~l and collt,cxt s])ccif~ rcstric-
timls  o]) wllc]l t]lc rule is a])]) lical)]c, a]]d ]ucluclcl ‘:

(1) collstrail)ts  ml tllc ordcrillg  of sk])s  or goals; h,
c.mlstraillt, s o]) t,llc assig]ll]lcllt, Of Valial)]t:s  rcl)lc:sCllt,-
illg ol)jccts  ill tlllc ])lall; +oa]s or stc])s  that lnust  bc
]wcscllt ill tllc ])lall; aItd{4) go:ils or stc]m t,lmt arc ]Iot

—— _ ,.. _
LIIS RHS

Gl= navigation action present GR = 1. absolute
Co= null navigation
C2= the project is V~YAGEf3 c1 = null

or GALILEO and N = null
limb pr&ent in all images

F i g u r e  5: Ilicrarchical  l{cfinclncllt  Dccompositioll
Rule

allowed to I)c ])] cscllt i I 1 the plan. IIicrarchical  plan-
ning is also im]dcmcmtrcl  within the decomposition
fra]ocwork.  III this case tllc 1,11S specifics a cont,cxt
in whicl  I a set of goals or actions cau bc clccomposcd
into a lower-level set of goals or actions. For cxam- ‘/
])lc, the dcc&npositioll  IUIC in 1+’igurc  4 states that if II
il)c liml) is prcsmlt ill all of the images (meaning that
tl]c suwfacing  edge, of the plallct is .visiMc in all of
t h e  imap,cs), f o r  VJ9YAGER and G} I, II,EO  i m a g e s ,  J ~ ~~
the navigat ion stc]) call I )c l)crfcmmcd  by aksolutc
navigation (a process ill which cacll of the images
call bc ]Iavigatjcd ill(lc!])[:ll(lclltly).

T]lis dccol~]l)c)sit,ioll-1 )ascd approach to skeletal
:I]ld llicrarc hical ])]allllillg ill hJvI> has s e v e r a l
st,rcngt]  IS. F’irst, tllc (lccom])osition ru]cs very nat-
urally rcprcscnt  the lIIa IIIICr ill which the analysts
attack tllc proccdurc  ~,cllclatioll problcm,  llms, i t
was a r(lativcly  stlaig,lltfolm, arcl process to get the
analysts to articulate and accept classification and
dccom])osition  ru]cs for tllc subareas which wc have
im])lcmcntcd  t,llus fat. Second, the notes from the
(lccoIIll)c)sitioll  I’LIICS  USC(1 to Clccomposc the ~)lOblCIIl
can bc used to anllot,atc  the rcsult,ing PI)F to make
the V1{;AIl lmograms ]norc undcrstalldablc to the
ana lys t s  l’llircl, rclativc]y  fcw lwoljlcm dccolnposi-
tioll rul(s  arc easily able to cover a wide range of
] moldcl]  IS ant] d(!composc  t]lcln into  much smaller
Sul.)])rol]lcllls.

O]~crat  or-ljascd l’lanning  i n  M V P

MVP uses classical o] mrator-based planning tcch-
lliqucs i O SO]VC  SUbl)l’Ob]ClllS  p r o d u c e d  by thC
(Iccc)lll])ositioll-l  j:lsc(l  ])lallllcr. An operator-based
]Janllcr  I]scs:

1. a model of actions NT (ill this case the model rcp-
rcscnts  the lcC](lilc:ll)cllts  and effects of individual
Vl~Alt stc])s);

2. a specification of a currcllt  state ~ (this corrc-
s])onds  to the currcq It datal.)asc state); and

3. a specification of ~ Loal criteria G (this  corre-
sponds  to user rw]ucst  s])ccification)

to derive:
a scqllcncc of actimls  A, that, when cxccutcd  in

t l]c current state ~;, reslllt  in a state which satisfies
the goal criteria G. 111 t IIis case A will corrcs])oncl  to
the VI(~f4R  scril)t  the l]scr call cxccutc  to pcrfornl
tllc imap,c ]moccssi]]g  task at llwld.

1]] o])crat,or-l)asc{l  l)lanllillg,  an ac t ion  i s  rcprc-
scntcd  i]) t,crlns of its ]m!conditions  (those things
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r e q u i r e d  to bc true before all actiml  can bc cxc-
cui,cxl), and i t s  cflkcts (tllosc  tllillgs  lruc! aftcx an
actiml  is cxccwtcd).  11’or cxali]l)lc, ill Vl~Alt ilna~c
]Jroccssil)g,  t,l]c lno~ra]t]  GA1,SOS  is used to radio-
lnctrical]y  correct  Galileo image files. ‘1’llis would
lm rcl)rcscntcd  b-y a ])]alulillg  actiml  for tllc G A I , -
S O S  lnogralnj  wllic]l could I)c a])]diml  to an il]lagc
file. ‘J’llis  action  would l]avc tll(! ]mccondition Illat
tile illlagc  file l)c a Galileo ilnagc  file. ‘1’his  action
would also llavc tllc cff’cct that tllc ilnagc  file is ra-
dio~nctrical]y  corrcctml  aflcr  GA1.SOS  lias I)cc]l ]un.

WTIIC]l co~lshwctillg a ]da]l to acllicve a ~oal G ] ,
a ldallll(!r will co]lsidcr tllosc  actimls  wllicll have G]
a s  all cflcc(. ~’lam, if tlm IdaIIIN:r  walltcd  to achicvc
that a ]mrticular  iltlagc file was la(lic)lllctlicall~~ cor-
rcctcd, it would cmmidcr a])])lyillg tl]c Vl~Al 1 ])ro-
grat~l GA1,SOS  o]] tl)c ilnagc file. If a ]Jla]]ILcr  dcxidcs
to add all action  A 1 to a ])lall to aclliovc a goal, it
will tllcll  l)avc to acllicvc all of tllc ])lc:c{)ll(litiol]s  of
A I . ‘1’llis  lnoccss  is ca]lcd svb~oali?l,~, l~(n exal]ll)lc,
tllc V]~A1{  l)rogta]a  1“111’ r(!quircs  that aIl ilnagc file
lm ill lry(c for]llat  lxlforc  I“I’]’  call bc alq)licd. ‘1’IIus
if tllc ])la])llcr dccidcs  that it wa]lt,s  to a])])ly tile 1’1’1’
l)rogralll  to a file, it tllcn  l]lllst m)surc  illat tl]c ilnagc
file is ill byte forlllal. II) so]nc cas(!s (Jllis will alr(!ady
Lc trucl ill otllcr  cases rullllillg  a ])rograln to cl]al)ge

:1 tllc file forlllat  I)lay  lW required. J!,

l’lallllillg  is also cmnldicatml  l)y tl)c fact, that tl)crc
arc tyl)ically  illtcractiol)s  l)ctwccll sul~])nrts o f  tllc
l)lall. q’l]us,  actimls  i)]troduccd  to acl]i(!vc g o a l s  ill
OJIC ]Jart of tl)c ])lall  IIIay UII(10 goals acllicvcd iIl all-
otlwr  ])artl of tllc ])lal I. ‘llIIC ])roccss  of cllsuring  that
SUCI)  intcractimls do ])ot, occllr  is called p70tcctio7/J.
l)rotcctiol)  call ilwolvc sucl) measures  as  cmsuriug
that tllc goal is 11O lmlgcr llemlcd \\’llcll it is ulldonc,
or cllsurillg  that tllc oil’(:lldill.g action  cfl”cctl dots not
ill fact  r e f e r  to tllc s:unc ol)jcct  as tllc achicvccl
goa l  (I)y crcatillg  a colry of a file, for cxamldc).
\J~(~ llavc Only Ini(!fly  SliCtClld  S0111(! Of tllC  C!lCltlC1ltS
of olwrator-1  )ascd ] )Iallllillg, for a ]norc de ta i l ed
trcatlnmlt of ol)cl:itor-l):lsc(l  ]dalming  algorithms tllc
reader is rcfcrrcd  to (] ’mltbcrt~ly  :uld Weld 1992;
cllaplllall 1 987).

‘1’0 illllstrat,c  tlIc (j])cl:ltc)l-l)tls(’(1  ])lalll)il]g ]moccss,
col)sid(!r tllc (sillll)lificd) ilnagc  ]moc(!ssillg  ol)crators
SIIOWI1  ill 1{’igurc 5. ‘J’llis illforlnatio]l  call Im sulnltln-
rizcd I)y tllc illforltlatim]  shown lmlow illdicatill~  the
rclcvallt  ]nogra]l]s  for acllicvillg  tllc goals of miss-
il]g line fillill ,  s])ikc  I’CII1OV:I1,  and  I’a(lio]llct,ljc  COl-
rcctioll  for Voyager al~(l G alilco ilaagcs.  Wl)cn cml-
stractillp,  a l)laII to acllicvc tllcsc  goals, depending 011
tllc ~)rojcct of tllc i~llagc file (e.g., citllcr  Voyager or
Galileo), hlV1’ call dctcrlnillc  tllc correct ]mograln
to usc I mcausc tllc ]mccollditiolls  cmforce  tllc correct
1 )rogralll sclccti ml.

Voyager Galileo

1 Iow(wcr, dct crl]lit]i I]g tllc correct ordering  of ac-
t i o n s  ca]I  so]nctirncs I)c coml)lcx. III this case ,  t he
corrcd order to acl]icvc the goals of lillc fillin, spike
rc]ncwal, and ra(lionlctric  correction is dcpcmdcntl
u]mn t] )C ]mojcxt of tllc file. in the case of Voyager
files, Al )RSI’lKE  (s])ik(!  rclaoval)  requires raw ~)ixcl
values :Ind Fl~olt7i” (radiomct,ric)  c h a n g e s  ])ixcl
values t o correct for calllcra  xcsponsc function, so
l“l~oll 77 rmnovcs a IIcccssary condition  for Al) E-
SI’lKB. ~’llis il~tcraction  call bc avoidccl by cllforc-
ing that ADRSI’IKR  occurs  before FICOR77.  VGR-
FII ,Ll N requires binary  EDR  header  on the image
file wl)icll is not, lnaintalllcd  by AI~ESI’IKE,  this in-
tcractio]l  can 1 )C avoided by requiring VGRFII,LIN
to l)c cxccmtcd  Iwforc Al) ItSI’ll<R.

‘J’hc (ialilco  case is slightly diffcrc~lt. GAI,SOS  ull-
docs missing line fillill so that it intcrfcrcs  with GLL-
FII,I,IN.  ~’l]is intcract,iml  can l)c avoided by cnforc-
ill.g G],] ,h’II,  I,IN after (; AI.SOS. Additionally, GA I,-
SOS rc(]uircs raw ])ixcl values, atld AI) ESPIKE al-
ters tllc ])ixcl valllcs, so AIJIMI’II<E interferes with
tl]is collditjiml. ‘1’l]is il)tcraction  can be a v o i d e d  by
rcquiri]]g that, GA1,SOS  occur  before AI) ESPIK13.

Voyager Galileo
ljxccution  (hdcr: VC;RFII,I,lN  GALSOS

AI) IXI’IKE GLLFII,LIN
1JICOR77 AIJES1’lKI?

‘1’his  simp]c cxamp]q i]lustratcs the types  of  in-
teractions and cc)~ltcxt4sc~]siti\ity  t h a t  tllc VICAR  ~”
image ]Jroccssillg  a]q)lication  entails. All of tllcsc
illt,cracl ions and colltcxt  .sc:lsitivc  rcquircmcnt,s  are

t
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dc!rivcd a~ld accoulkcd  or autolnatically by M V P
using tl]c operator slx!cificatioll,  thus allowing con-
structiml  of ])lalls dcs])itc ccml])lcx interactions and
collclit, ions.

MV1’ also insulates tllc user from many of the
lower-level intricacies of image processing by auto-
matically achieving sul ~~oals.  110 illustrate how the
o]wratol-based ]dallnitlg  l)roccxs performs sul~goal-
illg, collsidcr  tl]c sul)goal ~ra])h illustrated in Figure
7.s In this case tllc user has sclcctcd  tllc goal that
tllc illla(;cs l)c Ilavigatcd  using manual  mcthocls  ancl
that tl~( archival Ilavip,ation  information for the im-
age sllo(llcl bc updat,c(l. ‘J’llc decomposition planner
has access to the kllowlcd~c that ill ordc!r to navigate
tllc illlagc, the o])cratio~lal  goal is to construct, an
(JM mat~ix which dcfillcs tl]c transformation from
(lillc, samldc)  in tllc il)lagc to solnc known fra~ne of
rcfcrcncc  (usually the positiol)  relative to the tar-
get l)lallct  cclltcr).  7’lLc ldallncr  knows {hat  in orclcx
to co]n])utc this ]aatrix  it must, have a ticpoil]t  file,
tllc pmjcct of the i]llagc, and the image files for-
]aattd i]lto a ]I]osaic file list. in odcr to prducc
a Iicpointl  file for tllc goal specification of ]nanual
]lavigation,  tllc ]Ja]lnrr  uses the L4ANTMAT’CH Imo-
grain. ‘1 ‘lIC MANMNJ ‘Cl 1 ]mgram in turn mquircs
a rcfinml ovcrla])  ])airs  file, the lwojcct  of the im-

‘+’1’11[  Vl[~All COCIC ],rcvi<,us]y  SIIOWII ill 1,’igure 1  i s
takcll f]c,]n t,llis cxa]i]])lc,
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Operator VGRFILLIN GLLFILLIN ADESPIKE ““ FICOR77  ““ GALSOS

Preconditions VGR image GLL image (GL1. image) VGR image GLL image
EDR present or ((VGR  image) raw pixel values

and (raw values))
Effects missing lines filled in . . . . . spike removal radiometric corr. radiometric corr.

not raw values blemish removal reed-solomon /’
overflow corr.

not raw values saturated pixel corr.
not missing line fillin

Figure 6: Silnplificd operator Ddiniticms
. .
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l’igarc  7: Subgoal Gra])ll for Ma]lual  ]iclativc  Navi-
gation  of Galileo l]na,gc h’ilcs

a g e s ,  tllc illitlial ]wmlictj illforlllatioll,  a]ld again  a
IIlosaic  file list. ‘1’llc rdil]cd  ovcrlal) ]mirs file can
bc col)shwcte(l  usi Ilg tl)c 111)1111S ]Jrograln, but this
requires a crude ovcrla])  ]mirs file l.mscd on an initial
]mcxlict source. ‘1’llis  crude! overla])  ]mirs file ill turn
requires tl)c dcfaultl IIavigatiml  ltlctl)od,  al]d tl)c lati-
tude and longitude  of saln])lc ilna.gc files. l’lle rest  of
tllc .ya]jll  is gcl]crated  sill] ilarly. ‘1’llis subgoal graldl
is gmlcratml  ill rcs]m]lsc to tllc particular coml.)ina-
timl of user goals and tllc s(atc of tllc sclcctcd  i~nage
files.

M V P  a l s o  uscs c)l)clatc)r-l)asc(l  ])lallllillg iccll-
Iliqucs to det(!rlnillc  corrcc(  ] mogral~l o] )tioll scttillgs.
MVI’  uscs ])lccoll(litic)lls  to rq )rcscllt various ])ro-
graln  o])tjiml  s(!ttjillgs  al)d tllc situations ulldcr  wllicll
they will ad Iicvc desired c[fccts. ‘J’]ms,  w1lc]l an ac-
t ion is sclcctcd  to ad licvc a goal, tllc correct  ]nqraln
ol)timl scttillgs  IIavc also :Illtc)ltl:ltic:llly km dctcr-
laillcd.

Ap]]lication  USC and l’ayofi’
hIV1’2.()  is  illl])l(:~il(:lltc(l ill [; al]d runs  Sun S]mrc-
St,atiol)s under  LJllix and hflotif and u]ldcr VhIS 011
Vaxcs. MVI’  is cummtly o]mratiollal  a]ld available
f o r  usc I)y allalyst,s  at J1’1,’s hlultil]lissiolt  Il!lagc
l’roc.essillg 1,al mratory  (Ml 1 ‘I,) for radiolnctlic cor-
rcctiml,  c o l o r  tri])lct  lc:collstr[lctioll,  al)d lnosaick-
illg with relative or al mdutc IIavigatiml,  rcgistratioll,
and siln]dc filtlerillg and Strl!tcllil]g tasks. I?or tllcsc

)’( /: {,/

tasks  M VP rcduccs,  M’ort,jo  gcncratc  an initial PDF
for an expert analyst  from 1/2 fii’day  to 15 mixmtes
and rcxlllccs the effort for a IIovicc  a~lalyst froln sev-
eral days to I 11ou1. g’l]us,  by using MV1’ an analyst,
acllicvcs over all ordm of ~nag]litudc im])rovmncmt  ill
productivity in gmlerat illg ilnagc processing PDFs,

Application 1 )cvclopmcnt  and
lkploymc!nt

Initial  (Imwlopmcmt  01) the hIVl’ concc])t began in
August  1992 and a proof of concept demonstration
syst ]n MVPO was produced running  in 1,1S1’  on a
S@ k] ]ard$tatio~l by late Scptcmbcr  1992 for ba-
sic correction tasks (radio lnctric  correction, missing
]inc fill in, dcsl)ikillg (lata,  photometric correction,
blcmis]] removal and rcseau  removal) for Voyager
project ilnagcs. ‘J’llis (I(:lllc)llst,latioll was invokccl us-
ing a t(, xt-l~ascd  illtcrfacc  and ac.ccsscd a duImny
imasc  database ratllcr tllall  accessing tllc actual im-
age dat  ilbZtSC.  1’11(: COIII] )](!t~! Cfrort  for the proof, of
COIICCl)t  demonstration was al)proximately  1 wbrk~,
mont]l.

‘1’his  ])rototypc  was WC1l rcccivcd by the analysts,
and work begat)  on a xnorc colnl)letc  prototype MVP
1.0. g’llis versiml was also implcnncnt,ed  ill 1,1S1’  and
acccsscd a dummy  image database in flatfilc  format.
The do] nain theory fol MV1’ 1.() cxte,ndcd MVPO by
includi]lg  Galileo ])rojcct  images, ancl adclcd ahsolutc
navigation of images  as well as several simple filtcx-
ing and stretching o])t, ions. hlV1’ .0 used a graphical)user intcrfacc  rullllillg  ulldcr  Olmnlocdf/X.  MVP 1.0
was co] )Ictcd by Mad]  1993.  h4VP 1.0 was furtlmr
cxtcudrd to cover a]q)lication  l)rograms  for rcgistra-
(iml of (Iata  and silll])lc Illosaicl<illg  tasks ill version
1.1, w] lich was comp]cted  in Scptcxnbcr  1993, q’llc
coml)lc( c dcvclol)mcnt  effort, for MVP 1.0 and 1.1
was a])] woxilaat cly 0.9 work~yca~jf, which includes .’
analyst, time and l141PI ,S l)rogramnling  support.

111 ()(tobcr  1 9 9 3 ,  w o r k  b e g a n  on MVI~2.O,wllicll
was intcndcxl  to l)c all operational system in the
Multil~lissiol] ]Iaagc  l’roccssing  laboratory (MIPI,).
1+’rmn a]~ A I  plallllin,g stalld])oillt,  MVI,?,2.O would be ~/
very sil]lilar to MVl~,l  .1, with the major cliffcrcncc ,(
that it ~vas to bc wrlttm] ill ~. This incluclcd migra-
tion o f  tllc dcconl])ositio]l ])lanlier (to ~I,IPS) ancl
il}tcgrat ion of 1+’lcx a] Id 1 liso~l to parse inlmt, olxm-
ator and rule files. ‘1’llc lnajority of the port was
COII1])lC(CXI  l)y L4arcll  1994,  with Almil  ancl May bc-
illg slmllt OIL tcstillg,  (Icv(!]ol)illg  a Motif-based GUI,
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a]ld illtcrfacillg  MV1’~2. O to actllal  VI CA1t datal)asc
access routlillcs.  MV~j2.O was installed ill MI I’l  J May
1994.  IJurillg  tllc sultllncr  of 1994, MV1’2.(1  was cx-
tcllsivcly  tcstjcd ill tllc 0] mraticnlal sctti~~  aud u sed
to gcllcra(c  illlagc  ]woductls. Sillllllt:lllcc]llsly, it JVilS

(!xtclldcd to cover ]llorc coltl])lcx corrccticm tasks in-
volvil)g  rcgistratioli , a])d rclat, ivc IIavigatioll.  Also,
duritlg  this ]wriod, a llulnl) cl’ of kllowlcdgc l)asc
dcvclo~n]lc]lt  tools were lwoduccd (Cllicll 19’341~).
‘J’llc Coulplct!c  dcvclopmcllt cfl’orl for MV1’ 2.0 from
Scptcnll  )CI’ 1993 through Sc] )t,cml.)cr 1994 Was aJ)-
proximatcly  2.2 work years. j~,,,

Currmlt  cfkmts focus 0]1 iwo ,frmlts:  ( ] ) cx]Jalld-
(illg tllc dol)laill cow!ragc 10 furt  lcr iluagc processing

task~”’;
(
2)  l)rovidill~ a (l(:\~clol)lll(:llt  Cllvirol]lncllt  to

facilita  ,(J cxtcllsio]l  10 Iicw ilna~c proccssiug  taslfq ;
aud{3)  ficldillg MVI’ to a lJllivc!rsily  VICAll  iltlagc
]nmccssill,q  site (called IIoltlc IIlstitutioll  IInagc l’ro-
ccssillg Sites or 11111’S). IVC arc currcl)t]y  workiu~
0]1 cxtlclldillg t] ic doll Iaill 10 lowlmlgc rc] n’csc]ltcd  in
h1Vl~2.O  to cow!r II1OIC  cOII1])ICX ]nosaicl;i!)g  tdis as!. ‘1’ l)cvclopmcl]tWCII  as flltcrll)g  and strc!tcllIIlg tas +.
cllvirmllllcllt  (Illlt[lllc(?lllc:llts  il]cludc tools to aualyzc
ol)crator  sc!ts and rule sets to fi]ld Siln])lc errors (e.g. j
tylmgra])llic.al errors) that, rcsu]t  ill dolllaili  t,llcorics
wllcrc XIO actimls  call acliicvc a goal. ‘J’owards ficld-
iug MVI’ at, a 11111’S site, wc arc currmltly  in contact,
Wit,]l ])~rsollllc!]  fl’olll t,ll~ d(!]>al’tlllCllt Of CCOIOgy  at
Arizoua  State lJ1livcrsi(y  al mut a collaborative cfrort,
to field MVI’ for Galileo aud Magcllau  scicncc ilnagc
lnoccssillg.

Maintc]]ancc
IIlitial  cl(:\~C~lC)l)lllC:llt of tllc ])lallllil]g lillO\\’lWlgC  lmsc
w a s  ])crforltlcd l)y 1,1S1’  ])rogral]llt]cr Al l)crso]~ncl
wit]] significant  l)acl{groulld  ill Al ])lallllillg systems
(Vcrsiolls 1 .() aud 1.1 ). “1’llc dmnaill  tllcorics  for Vcr-
siml 2.0 was dcvc]o]xd  by a soflwarc  cllgillccr  wit]]
little Al l.mcl{grou])d.  ‘1’l]c  currcllt  dolllaill theory is
lmiug uscxl t o  dcscril)c  to al)alysts  tllc ovcra]l  ]mo-
ccss of constructing l)lallllillg {lccc)lIl]Jositic)ll r u l e s
and Ol)cratol’s, wit]l il]c illtclltioll  that  fur~llcr  vcr-
sim}s of tllc dolllaill  Lllcory  will lm dcvclcq)cd l)y ana-
lysts  or otllcr  V] CA]{ users. ‘l TO\VtIrdS sapport of this
goal, wc llavc bccll dcvclo])illg  a ])lallllill~ k]lowlcdgc
base  dcbuggil)g  cl)~’ilol]lllcllt, wllicll ]movidcs static
allalyscs  of Illc ])lallllillg kl)ow]cdgc  lmsc to perform
siull)lc CIICCIW  for :\clli(:\~:il)ilitJ~ of goals and rulltila(!
tools to isolate failing  l)lccc]ll(litic)lls  (Clliml 1 9941)).
111 currcnlt  ])laIIs,  ]]l:~il~tc]l:~l]c(:  aII(l cxtcnsicm  o f  th(!
lJa]lllcr  and dcvclo])lllcllt  (’ll\~il[)llltlc)]t  will bc su])-
])ol’td I)y A l  ~1’011]) ]) C1”SOIIIIC1  for t]l(! ]](x1I’  futu]”c

(e.g., 1-2 y[!ars) witjll tl)c illtclkio,~ tl)at *],ai*kcuaucc
:LIld cxtcllsioll  of MJTI’ will cvclltllal]y  I)c takcll  over
by tllc IInagc l’roccssillg  Section, wit]l (IIC AI groul)
~xovidillg colltilmillg  su])l)ort ill a col)sultil]p, role.

Co]]clllsio])s
‘1’llis  ])almr  has dcscrilmd  tl~c a])l)licatioll of Al ])laJl-
Ilillg tccll]liqucs  to autolllat,c  illla~c l)roccssing. ‘J’llis
a])])licat)ioll  has  rcsllltcd  ill tllc ficl(li]]p, of MVl?2.0,
wllicll rcduccs  tllc dro]t,to  I )ro(lucc  radio lnctjric cor-
rcctliol], color tri] )Ict lc~’ollstl(lctioll,” ill Id lnosaick-
illg ilnagc  ])roccssi]lg  ]nocc(lurcs  I)y over all o r d e r

of Itlag]  lit,udc. N4\0,?,2.0 uses a hybrid  approach to i;
])lallllil]p,,  usiug llicrarcllical  task dcxomposition  aud
o])cratol -$+cd  1Jlalluin8 ])aradigms,  as WC1l as tradi- ((.
tional  s~ll~ax tl allslatioll  methods. This successful
apl)li cat 1o11 is king cx])alldcd to cover additional at-
cas of i] nagc ]woccssil  I?, allcl fielding to rcnlotc  uui-
vcrsit  y i magc proccssit  Ig sites.
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